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Dr. 7m** Li Lake
EPA Soatb Ferry
Na**ag*a**tt, II 02*12

Dear Ji»;

At proaia*d OB fell* pboa* i«*t Friday, I eaoloa* • aaawary of tbV*.ft*iv**»
that w« CM laat year OB 24 qJHN*' Aoa$bn*t «*taa*y *«dia*at *aapl*t,
r«preaeating 2-3" tad 6-1" d*ptha at 12 lo«*tion«, 6 oa »»0k *id* of tb* ««to-
ary. Aloaf vltk tki* I h»r« *«olo**d * m»p slioviAf vb*r* tfcv «««pl«s were
tak«s« DB-1 oftpiliatr f«* 0fc*fla«t4»f**ftS «bowi«f vhat v«lJ,-d*r*lop«d P«tt«m H
and fl' d*ohiotiaatioa atat** look lik», t *«t of 9C-«a<a ap*o data for on* of
thM, and r«priati tbat tiplaitt tfe* naaaaelatajr* and p*ak *«§b*ciiig sy«t*a
o*«d. All but tb* data *wm**r it««lf v*r* inolwltd i« mr WTAC pr«t«nt*tioa
on Nov«ib*r 10. f* alto bar* aT all able on «sefc **apl* a D8-1 cbcoaatogran, a
llfi-p*ak analytia and * ooapatatios of hoaoloy l«vela and ortbo and noa-ortho
ohlorin* n«mb*xi» bot tb* raaaltinf print-onta ar* pcatty bvlkf, and »ay not
b« a»efni until v* b*|in ooapariaf *nal7«*a On a p«a*~b)r-p«ak b»«i*«

A q»4ok ob«ek iadio*t*a tbat w« bav* l*ftor*c ***pUa ia »o*t or all of
tb* offiftnal eoatalaac^; bov*v*«, I don't »*li*v* tbat tb* ••diaoat s»«pi»» in
tb««* contaia*v« wtr* *«iv««d up b»fox« c«*ioval of tb* aaalftieal samp Us, so
tbat if tb*r* w*r* any ooaipoaitioaai aoaboaogta*iti«• (la tb* on. range), *
second *M|Bl* tak«a froa tb* sail* container aigbt bar* • aligbtly differentoonpoaitioa.

Ac I b*U*r* I •*atioa*d, tk* pattern of obaagea la FCi ooag«n«r diatri-
Imtion exbibitad bf tb*** aaapioa appoara to hare abowa up ia tb* aedimentt of
the upper aad middle Aoacbaet *«ta«rjr, bat aot tboa* of tb* lovor (below b»r-
tioaa* barci*r) *«ta*ry; ia one of two aanpl*a froji Baoaabia Bay near Pen-
«»oola; in tboa* of tb* aid-«e«tion of tbe iouaatonio liver (ao»tb*rn MA aad
northern CT); in tb* aid-aeotion of tb* Bod*on Air** iAlbany to tingatoa), bat
aot above it (vb*re a different type of deoblor'iaafioa !• nn4*rway)» or below
it (wbere aot mucb vaa bappeaiagf at leaat not baofc ia tb* 1W7-1?80 peciod);
and ia whatever *«dia*ata ac* aupplying tb* PCS* tbat get lato «o»* of tb*
flab of tb* New York harbor area. At the aoaent, thoagh, 1 don't really kaov
why tbi* Patt*rn 1 type of biodegradation aeeat to b* to amob further advaaoed
in soae areaa than otb*ra. I aa atill trying to g*t data indicating bow
wid*apr*ad tb* pb*ao«eaoa nay b*, and henoe ay intereat ia being able to
review your ohroaatograia* of tbe PC8a ia ooaatal N*w Baglaad a*dia«ata.



G E N E R A L E L E C T R I C


Or, J.L. Lake -2- Nov. 24, 1987


At any rate, look over the enclosed data on our upper Acushnet sediments,

l e t me know which of the samples and/or chromatogram* you'd like for your own

investigations, and maybe we can work out some kind of a lovely mud-swap.


Best wishes for a Happy Thanksgiving.


5i n -j e t' e1 y,


F. Brown, Jr.

er, Health Research


9i ol .•"gi oal Sciences Branch
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Table 3. PCB Levels, Distributions, and Alteration States in Subsurface

Sediments of the Upper Acushnet River Estuary, New Bedford, MA


JC ,
No.,* Lati- Sample Total Total Orig. Soln.t Declalor n_ fitati
 r


tti&*> ^V >̂ v tex- oils, PCBS, 1242: loss Pat- half-losses

9 A f̂t ^ tude


e 1254 (%) tern P50 P58 58'

EC (41°N) ture4 ppm ppm


^ 

•4-

— 

— 
tN

»* 

17A 
17B 

•-

1«A 
14B 
1 2A 
11B 

. 

9A 
o,h 
5," 

19A 
19B 
18A 
18B 
21A 
21B 
_ 

_ 

22A 
22B 
_ 
_ 
_ 

24A 
24B 
_ 

«. 
„ _ 

„ 
2 6 A 
";6P 

40'30" 
40'30" 
40'30)1 

40'30" 
40*26" 
40'26" 
40'21" 
40-21" 
40-1611 

40-16" 
40-16" 
40*16" 
40-14" 
40'14" 
40'12" 
40'12H 

40*11" 
40'11" 
40'01" 
40-01" 
39'55M 

39'55" 
39'39" 
39'39" 

sft mud 
sft mud ' 
snd 
snd 
gr , snd 
gr , snd 
sft mud 
sft mud 
snd 
snd 
snd, mud 
snd, mud 
gr , snd 
gr, snd 
gr , snd 
gr, snd 
gr , mud 
gr, mud 
gr, snd 
gr , snd 
gr, snd 
gr, snd 
fiber 
fiber 

20,000 
28,400 
20,700 
7,040 
11,100 
1,400 
46,300 
40,300 
5,390 
8,110 
3,840 
3,390 
8,730 
6,070 
<150 
<150 

26,700 
22,900 
12,800 
34,500 
1,570 
2,050 
<440 
<370 

1,637 
1,126 
3,285 
739 

3,775 
417 

3,292 
3,724 

765 
1,444 

40.4 
0.9 

505 
526 
0.7 
0.3 

490 
1,135 
304 
785 
150 
171 
3.2 
0.6 

68:32 
57?43 
05:95 
06t94 
47:53 
40:60 
80:20 
70:30 
81;19 
64:32 
74:26 
^76:24 
84:16 
82:18 

%70»30 
^65:35 
94J06 
91:09 
82:18 
86:14 
71:29 
67:33 
^54:46 
•v64:36 

40 o40g 

5 
6 
4 
5 
9 

12h
33ft 

14 
34 

-
11 
51 

-
-8 

30h
44" 
22 
29 
22 

—*• 

H 
H 
H? 
H? 
H 
H 
H 
H 
H 
H 
H 
H? 
H' 
H' 
H? 
H? 
H' 
H' 
H 
H 
H 
H 
H 
H? 

2.5 
3.2 

-vo.* 
M).l 
1.9 
2.0 
0.8 
1.9 
2.3 
1.9 
0.9 
0̂.7 
2.1 
3.1 
0̂.6 

-vO.9 
1.9 
2.7 
1.2 
2.3 
0.9 
2.3 
1̂.3 
^0.5 

3.1 
3.5 
0.6 
0.8 
2.2 
2.2 
2 .3 
3.2 
3.1 
3.5 
1.6 

^0 '•< 
1.6 
2.3 

'vi.e 
1̂.6 
1.0 
1 .(3 
1.1 
1.4 
0.7 
1.6 

-vl.9 
• <k 
1̂. 3 

0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 

-0 
-0 

-0 
-0 
-0 
-0 
-0 
-0 

a 

" • ,e*-ft -re for all s: Ltes: 13,000 1,013 61:39 18 -
1.6 1.6 c 

Depth of "A; samples 5-7.5 can; of HB" samples 15-17.5 cm.


b. Sites located on west side of estuary, 70°55' 06-09" W.


c. Sites located on east side of estuary, 70°S4 '51-59" W.


d. Key: sft, soft black mud, H.S odor; snd, sand; gr, gravel; fiber, apparent

spartina root mass (marsh bed) ,


e. Parts per million of air-dried sediment weight.

f. -Log2 fractional retention of peak 50 (mainly 23-34 CB from Aroclor 1242)


or of peak 58 (mainly 234-25 CB from Aroclor 1254) , or differences

between these numbers of half-losses.


9- This calculated value probably an underestimate.


h. This calculated value probably an overestimate.
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Map of Upper Acushnet River 
Estuary sediment study area, 
showing locations of collection 
sites. 
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Polychlorinated Biphenyl Dechlorination in 
Aquatic Sediments 

JOHN F, BROWN, JR.. DONNA L. BEDARD, MICHAEL I 
JAMES C CARNAHAN, HELEN FENG, ROBERT E. WAGNER 

The polychlorinated biphenyl (PCB) residues in the aquatic sediments from six PCB 
spill sites showed changes in PCB isomcr and homolog (congener) distribution that 
indicated the occurrence of reductive dechlorination. The PCB dechlorinaOons exhib-
:ced several distinct congener selection patterns that indicated mediation by several 
different localized populations of anaerobic microorganisms. The higher (more heavily 
chlorinated) PCB congeners that were preferentially attacked by the observed dechlo
rLnation processes included all those that are either pharmacologically active or 
persistent in higher animals, All the lower (less heavily chlorinated) PCB congeners 
formed by the dechlorinations were species that are known to be oxidaovely biode
gradable by the bacteria of aerobic environments. 

DESPfT E GREAT PUBLIC AND B1GU- To see whether such characteristic trans-

later, concern over the accumula- formation signatures were present in envi

tion of polychlorinatcd biphenvls ronmental samples, we have reviewed sever-

(PCBbi m the environment, little is known al hundred chromatograms of the PCB resi

dbout their actual fate in specific cnviron- dues in soils, sediments, and water. In the 

.Tientai niches • 1 > Recently, however, \ve soil and water samples the alterations in die 

fjjnd thai agents capable of attacking PCBs GC patterns, if am, could be readily related 

~nj v leave residues chat exhibit characteristic to known types of transformation processes 

<.i£rurures in their capillary gas chromato- such as simple evaporation from dry soils or 

iraphic 'GC) patterns These characteristic aerobic microbial degradation in nvers or 

patterns occur because all the PCBs that groundwater Alterations of a different type, 

v\er  c used commercially were complex mix- however, were seen in aquatic sediments 

oire< of isomer:, and homologs (congeners) from several PCB spill sites 

chat were produced in fixed relative proper- PCB mapping and transport studies have 

aons b\ the chlorination process used and indicated that the upper Hudson River con-

because each physical, chemical, or biologi- tained 134 mctnc tons of PCB in 1977, 

cal alteration process exhibits ics own set of with much of it concentrated at depths of 15 

relative activities toward the individual PCB to 30 cm in areas of low hydrodynamic shear 

congeners. Thus manv strains of aerobic as "hot spots" that have PCB concentrations 

bactena that oxichze PCBs were found to greater than 50 ppm ( 6 )  , Our sediment 

exhibit, at least under laboratory conditions, analyses and existing plant records indicate 

PCB congener depletion patterns that were that this PCB was originally almost entirely 

clearly distinguishable from each other (2) Aroclor 1242 that was released from capaci

and from the more familiar patterns shown tor manufacturing operations at Hudson 

by animals that have mixed rUnction oxidase Falls and Fort Edwarcl, New York, between 

systems based on cytochrome P-450 ( 1952 and 1971. For PCB transformation 
studies we collected and sectioned sediment 
cores from four "hot spots" distributed 

General Elettnc Research ind Development Center, around nver reach 8 (the stillwater that is 
Sdwwcudy.NYUSOl. 
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located immediately below Fort Edward vil
lage and that extends from 4 to 12 km below 
the major PCB release point; as well as 1 5 
"surface grab" sediment samples distributed 
around the same section of the river (^). 
Analyses were performed as previously de
scribed (8) with a DB-1 polydimethylsilox
anc- coated capillary GC column that was 
capable of resolving environmental PCB 
mixtures into 1 18 distinct peaks. 

The chromatograms showed congener 
distributions that generally tended toward 
one of four rmior limiting patterns, which 
have been designated A, B. B'. and C (8) 
and aie illustrated in Fig 1. Pattern A 
looked similar ro that of Aroclor 1242 ex
cept for some modest quantitative differ
ences. Patterns B, B', and C all showed 
markedly lower levels of most tri-, tctra-, 
and pentachlorobiphenyls and increased lev
els of mono- and dichlorobiphenvls, They 
were most easily distinguished from each 
other bv the presence of three, two, or one 
strong dichlorobiphcnyl peaks, respectively 
(Fig. 1) Two minor variants /not illustrat
ed* were pattern D, which showed enhance
ment of two trichlorobiphenyls (tf), and 
pattern E- which exhibited several distinc
tive alterations among the penca-, hcxa-, and 
hcptachlorobiphenyls. 

To determine how representative these 
patterns might be, we reviewed the numeri
cally reduced data for 2000 upper Hudson 
Rjv'er samples analyzed during the 1977 
New York State survey t 6} and about 100 of 
the original packed-column chromatograms 
(9). All of the PCB-containing sediment 
specimens that were collected between Fort 
Edward and Troy, New York (a nvcr dis
tance of 69 km'i, exhibited patterns that 
resembled A, B-B', or C. (The resolution of 
the older chromatograms was not sufficient 
to distinguish B from B' or to detect the 
variant patterns D or E,) Pattern A was 
typically associated with lightly contaminat
ed but extensive surface deposits, which 
have been estimated to contain a total of 57 
metric tons of PCBs (6), whereas patterns 

REPORTS 
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B-B' and C were associated with the deeper 
Pittern A "hot spots," which have txen estimated to 

contain 77 metric tons of PCBs (6) 
QuanotiQon of the individual capillary1 

GC peak indicated that the levels of most 
m- and cetrachlorobiphcnvls were depressed 
relative to those in Aroclor 1242 in all 
classes of upper Hudson RJver sediments, 
but pamculirlv in chose Out showed pac-
terns B B', or C Summary data for 2,5,4 • 
plus 2,4,4'-chJorobiphenyl (CB) and for 
2 5 3'.4'-CB (which arc representative ot 
congener* with lesser or greater responsive-
new to dechlormauon, respectivelyl are 
shown m Table 1 Conversely, m all sedi
menc classes the levels of the 2,6,2 - and 
2 6 3'-CBs and those of all dicWorobiphcn 
vis were increased two- to sixfold, and the 
levels of the monochlorobiphenyl 2-CB in
creased " to 70-fold, with the largest 
changes opened in the samples that 
showed patterns B, B , or C .Table 11. The 

i rt r< n r* f* 

increases in the mono- and dichlorobiphent i i sis
TH r< r4 E w 

vls occurred despite their greater tendency' 
to elute into the r ive  r water or undergo 
aerobic biodegradation Thus it was evident 
that in the upper Hudson River as a whole a 

Pattern C massive (40 to 70 metric tons) conversion of 
m- terra-, and higher chlorobiphcnvls to 
mono-, di , md 2,6J('-mchiorobiphenyl» 
,X' •> 2, 3, or 4) had occurred, particularly 
in the subsurface '15 to 30-year-old) por 
uon of the sediments 

The scdomenti of Silver Lake, a 10 ha 
^ J I _ _ ^ j i . fc n 

Fig. 1. DB-1 capillary g« chromatognmi 'plots of d««aof tesponst \crsu5 cluuon tunei of upper urban pond m Pironeld MassaLhusens, 
Hudson Rjv<r Kdime'nta th*t shov. suffice panem A 'l«rg<tv unchinetd Aroclor 1142) ir-.d subsurface contain an estimated 29 metric tons ot PCBs 
o^rtcm^ B, B ind C A flwne loniwtion d«ector wis used so that rh< PC B peak ropons* w« neartv i W), which are believed to have original^ 
propomor.il to molir concentration, however, non-PCB impura*!, in the simples aJso produced been almost enarcU Aroctor 1260 released r^t%ible peiks 'designated * and Imp I The major PCS congeners responsible tor the observed peak* 
ire designated bv the number* that correspond to the portion ofchlonr.es on each of the two phcml from adiacenc transformer manutacwrmg 
ii j^ tf.us I 2 ard 24-4 indicate 2,2' djchlorobiphcnvl ind 2 4 4 --rn.hlorobiphenv! r«pecu\el\ operations before 1972 A mapping ind 

i i^r^vl standird pc»ki we d«ignated Int std 

AroclorUSO 

Fig, 2. DB-1 capillary gas thru 
matograms (plots of detector re 

* 1 M' 
jpgiwe versus eluuon time \ ot Arc 
clor 1260 and of the Arodor 126 
residue extrjaed from a Silver Lak 
sediment composite that show* JLU> rruinlv paneffl F (with some pa 
tern G, which contributed the thr< 
jmail peak* on the left) These chr< 
mitogrims were obtained with a 
electron capture dcteaor Such d 

P»tt»rn F (+Q) rectors give a stronger rc»pun 
with the more heavily chlonnati 
PCB congeners, a weaker r«pon 
with the lew heavily chlorinit 
on«, and lirele or no response wi 
unehlonnaKd impunues The rr 

i jor PCB congener p*»k» wid t 
internal standard are designated 

H 

in Fig. 1 
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ransport study (10) indicated chat there has 
b>e:n no significant movement of the PCB 
deposits Half of the sediment sections col
lected J40 out of 80i gave packed-column 
GC patterns resembling those of mixtures of 
Aroclwr 1260 and Aroclor 1254, indicating 
mat onlv limited alteration had occurred 

10, 11 The other half, which included 
s,:- acns fro'n aJ! actors of the lake, 
ih/w -.'4, euensi.e Alteration 90 to 98% loss 
-i ' .< . pew ar.d heptichiorobiphenyls ong-
J present and their replacement in the 

v, '! biinm b\ recr l - 31 to 50% i , tri- (26 
i 5**> ' . and bwer chlorobiphenvK ill of 
^i,Ji arc '.imtalK absent '<!%; in the 
oniz.nj j Aroclot 1260, The chromatograms 
thai showed c\ tensive alteration exhibited 
r><,' l imit ing patterns, F and G. In pattern F, 
the tn. nlorobiphenvli that \vere formed 
.• . s , - tcd "olelv cf the 2,5,3'- and2,4.3 
;• • • < : - - , ^hich were net present at more 
'. i •: face le\els in an\ commercial product 
i , , -,r?m ( i  , thr trichlorobiphenyls that 
:.: f^rncd Consisted of these same isomers 

r,u cie 2,6,2 -. 2.6,3'-, and 2,4,2'-CBs. 
Figure I show? a capillary GC for a compos-
ic specimen that exhibited both patterns 

•• ',d-.ndv mas-sivc conversions of higher to 
. v <  : TCB congeners have occurred in the 

. ;' Lake sediments but with congener 
_,<-.• . , t ' t  v patterns that are different from 
t^-J ' : <hc 'ipper Hudson Bjver. 

', n.u- i c limited evidence for dechlonna-
-.1 .diet Mte> is w e l l Chrcmatograms 

. • '•j'l-iaiL-- t rum the Hoosic River (North 
-vioir1; Massachusetts', the Sheboygan Rjv-
-r ^'icbcvgan Wntnnsin.', and the Acush
',(.• E s i u a r  v \Vv. Bedford Massachusetts, 

sent to us by other investigators all showed 
enhanced levels of the unusual 2,5,3'- and 
2,4,3'-t:richlorobiphen\|j A single study 
112") has presented without comment Apo-
!ane C-87 capillarv GC patterns and conge
ner distributions for five sediment samples 
from Waukegan Harbor, Illinois, which had 
received large releases of Arocior 1248 
These patterns showed various degrees of 
removal for most of the tn-, tetra-, and 
p<ntach!orob;phcr,\:s ongmallv present, for 
example, losses cf 4? to 98 3% for 3,4,3',4' 
CB, 6 to "1% tor a.l tetrachlorobiphenyls 
15 to 89% for 2,4,5,3',4 - and 2,3,4 3',4'-
CBs, and 26 to 83"n for all penuchlorobi
phenvls These al terat ions apparent!} oc
curred in onh une congener election pat
tern, which \ \c label pattern \V. Corre
sponding mcrcaso appeared in rhe levels of 
several lower chlor"biphcn\ 1peaks, particu
lar!} those that uere ident i f ied 1  1 2  , as 2,2' , 
2,3' , 2,4'-, 4,4 , 2,4,2 'plus possibiv 
2,6,3'-;, 2,6,4'- 2.4,3 , ard 2,4,2'4'-CBs 

The dechlonnatmn of »omc PCBi b) up
per Hudson Ri\r: sediments, l ike the analo
gous position-selective dechlorinations of 
chlorobenzoatcs l ~ \ arc! ^hlorophenols 
(24), has recenth been sho\vn to occur 
under anaerobic culninng conditions tn thr 
laboraton,' and to he arrested bv scenliza
tion, which mdii-ates that the process is 
microbially mediated • !?'•, Simple chemical 
reducing agents that arc present in anaerobic 
sediments and sludges do not attack chlori
nated aromatic^ i /  , 3*, although they are 
capable of dechlormanng some aliphatic 
chlorine compounds 16' Thus the'ocaJized 
subsurface agenrs responsible for PCS dechlo-

Ta'Me 1 Prop-irtions of Differed chJorobiphenyl (CBl coneentrs in Aroelor 1242 ircl«ii«d inco the 
jr K" Hnilson R;\«r r'rom 1952 to 1971) and in the PCBs isolated from uprxr Hudson Rjvcr 

c . l . , , i ' n t  s pat terns .V B B', wid  Ci On« hundred fifty wdiment surface-grab samples ar.d core 
• r, ,i .r vi <-,t ;ollecrcd from known PCB "hotspot" »reaj> '0, 7) thjt \vcre distributed irourd n\cr reach 

. • n er rruiti 188 b to 193 3i All sampler were inalyzed by DB I I'^pdlaA' gas chrorrurographv to 
,'e*?rfur,e pittcm rvp< and total PCB content (ratio of the weight of PCB to the dn wtighr of ihc 
v^uiTifir The nwTibers of samples of «ach type (hit contained at least 2 ppm total PCB and their 
_. .r. --.u; " ringes were *? rbliowj' A, 2o siiTiples, 5 to 165 pprr, S, ?,4'irnplei, 2 co2')'Hppm, B', 
L J i^mpki 2 TO 2091 ppm C 18 samples, 60 to 619 ppm. Of th« 28 pictcrn A samples, 5 aUo 
exhibited pjacrn D •<?!, ar.d 28 of the 63 samples that showed pattern* B, B', or C also exhibited 
pattern E IT'- Almost all specimens that showed panem A were surface '0 to 10 cnij samples, almost 
il! ipcvirr.fns that shewed patterns B, B', or C were subsurface 'below 10 vmi specimens from core 
VCLturns .Ml or :he 70 samples that contained lew than 2 ppm PCB (results not included in the tablti 
i."v *vec! patterns B or B' , but the congener distnbution measurements ^ere considerrd unrelnble; most 
„(' thfsc >irrpie' wtrc from <l«p strati below the heavily cop.timiiutcd 

Observed tang* ofCB convener  i % b> ^tighti 

( B congener .Voclor Pattern Pattern Pattfm Pattern 
1242 A B B C 

2 0 7 5-25 10-17 28-52 13*-43 
2,2 • 11-2,6-1 
2,3 

2 6 
1.3 
6.2 

3-10 
2.8-3,2 

9-13 

12-19 
4-9 

15-18 

14-27 
0 3-0.0 

6-16 

3(Ml 
0,7-16 
2.S-4.6 

2A2' 
2,6,3'-
2,5,4' +- 2,4,4'-
2 S.3',4'-

0.9 
0.8 

14.4 
33 

2.1-2.8 
22-2.5 
11-13 
1 1-1.5 

2.8-il 
2.8-43 
3.1-84 
0.1-0.4 

29-37 
26-35 
19-42 
0,0-05 

5,1-5.4 
2,6-3.1 
16-3,1 
0.1-0.8 

*Th» vilue w« «en in i single «urfice-gub Mmple taken from a mid-ch»nn«l Ufi chat w*» subject to scouring 
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rinaQon according to selection patterns B, B , 
C, E, F, G, and W would appear to be 
separate strains of as vet unidentified anaero
bic bacteria, Detailed chemical dcscnptions of 
these characteristic dechlonnation patterns 
will be presented elsewhere ilT). 

We found that all of the lower PCB 
congeners formed bv the observed reductive 
dechlorinations are biodegradable by one or 
more of the aerobic PCB-degrading bacteria 
that ha\c been isolated from soils and sedi
ments (2, 8, IS . These congeners are also 
degraded bv cukaryores that have P-450 
cytochromes '.1, 3-5 1 Thus a two-step se
quence of dechlonnation m aquatic sedi
ments followed bv ox:dative biodegradation 
in aerobic environments will eventually ef
fect total PCBdestruction, 

The derhlonnation step alone, however, 
ha> significant :oxico!ogical consequences 
The PCB residues in subsurface sediments 
from the upper Hudson River, Silver Lake, 
and Waukcgan Haibor all showed preferen
tial loss of 34.3,4 ' - , 2.3.4,3',4'- and 
2,4,5,3 ,4' CBs, and other higher PCB con
geners that have chlonnr atoms in positions 
4 and 4' [Figs 1 and 2; \12;} The restive 
disappearance rates for these congeners m 
the Hudson Rjver were generally similar to 
that of 2.5,3 ,4'-CB iTablc l l . This group 
of PCB congeners includes all those that are 
either persistent in man \5<, mducers of P-
448-rype cytochromcs \l9i, or thymocoxic 
in rats (19) Thus, although anaerobic de
chlonnatior. does not immcdiatclv reduce 
the total mass of chlorinated biphenyl in ar. 
environmental deposit, it can accomplish 
detoxication. 

Our sampling of archival GC data indi
cates that environmental PCB patterns that 
show the distinctive features of either icro
bic microbial biodegradation (1. 2\ or re
ductive dechlonnation must have been ob
served hundreds of times during the past 
decade and vet have not been reported in the 
op^n literature, Inswid snalv-t". havr rou
tinelv reported observed PCB concentra
tions in terms of whichever commercial Aro
clor had about the same average chlorine 
level. This practice of misrepresenting op 
served environmental PCB compositions 
can lead to appreciable quantitative er ror< 
(4V More significantly, it has left concealed 
not only the extent of PCB degradation in 
nature but also the diversity of the rrucrobio 
logical processes that arc involved. 
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Abjirtci-The polychlormated biphenyl i (PCBs) in sediment and/or fish samole* from at lean five 
different locations show changes in gas chicmatograpruc (GC) peak distribution indicative of reduc
tive dechlorination. Several d i f fe rent dechlonnation processes, each presumably mediated by a dif
ferent population of anaerobic bacteria with its own distinctive pattern of PCS congener selectivity, 
appearto be operating Six of these processes have been characterized in detail as to the changes 
occurring in each of the 126 ind iv idua l PCB congeners or isomer groups detectable by capillary 
GC or GC-MS on a DB-1 column. The patterns of congener reactivity indicate that the observed 
transformation processes fall into two broad categories: o,m,p-dechlonnations, which remove chlo
rine atoms from ortho, meta, and para positions, with congener reactivities primarily determined 
by reduction potential, and m.p-dechlortnat ions, *hich take chlorines from meta and para posi
tions only, with relative react ivi t ies determined mainly by molecular shape. Both types of dechlo
rmation preferentially remove PCB congeners of lexicological concern, and both produce lower 
congeners that are biodegradable by environmental a*rob«. Thus, dechlorinatlon in anaerobic sedi
ments permits the detoxification and eventual degradation of environmental PCBs 

Keywortj-Polvchlorinated b ipheny l PCB Dtchlonnation Anaerobic bactena 
Biodegradation 

INTRODUCTION ally absent from the Aroclor composition origi-

The poly-chlorinated biphenyls (PCB*) are a nally discharged. The gas chromatographic (GC) 

family of stable, water-insoluble industrial chem- patterns of individual sediment sections showed 

icals that were widely used for nearly 50 years that the identities of the specific congeners under-

(1929-1978). By 1975, it was estimated thai some going significant gain or loss were not quite the 

57 x 101 kg had been produced in the United same at all locations. Instead, they fell into a small 

States, and about 8 x 1C1 kg had passed into its number of repeatedly observed pattens of change, 

soils, sediments, and waters [!). Until recently, each of which was given a letter designation (3). 

there was widespread opinion that such PCBs, The vertical profiles [3} of sediment cores typically 

particularly the more highly chlorinated ("higher*) showed the extent of such changes in composition 

congeners, were resistant to ordinary biodegrada- to be only minimal near the surface, and maximal 

live processes, and hence were highly fxrsistent in within and below the subsurface strata where the 

the environment (1,2). total PCB levels were highest. Accordingly, it was 

In 1984, however, it was announced (3), and concluded that the observed alteration must result 

immediately confirmed [4], that the PCBs in the from in situ dechlonnation rather than differential 

sediments of the upper Hudson River were under- migration of PCB components. 

going a previously unreported type of composi- Since 1984 we have received from investigators 

tional alteration 13]. These upper Hudson PCBs all of other PCB spill sites gas chromatograms and/or 

showed depressed proportions of most higher PCB sediment specimens that also showed evidences of 

congeners and increased proportions of certain dechlorination, but with other selection patterns. 
The purpose of this article is to present detailed lower congeners, including some that were vinu- chemical descriptions of the compositional changes 

*To whom correspondence may be addressed. occurring in sediments exhibiting six different de-
Presented at the Sixth Annual Meeting, Society of chlorination patterns, namely Patterns B, B', C, 

Knviiunmema! Toxicology and Chemistry, St Louis and E of the upper Hudson River, and Patterns F 
Missouri, Novemoer 10-13, 1985. and G of Silver Lake (Pittsfield, MA). 
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The detailed characterumion of chemical change been reported (8). All cores were cut while frozen 
in environmental PCS specimens is made possible into 2,5-cm sections, giving a tota! of 150 sediment 
by a virtually unique peculiarity of PCB compo- specimens for analysis. 
sition. All of the commercial PCB products (e g., Silver Lake is a 10-ha urban pond in Pittsfield, 
Aroctors) consisted of complex mixtures of chlo- Massachusetts, which for many years received pe
rinated bipheny! homologs and isomers ("con ripheral municipal solid waste dumpings, sanitary 
geners") that were originally produced in fixed sewage, storm sewage, and industrial discharges. 
relative proportions. The fixed relative proportions A nearby transformer manufacturing plant used 
occurred because a single manufacturing process, Aroclor 1260 for several decades prior to 1971 and 
iron-catalyzed chlorinaiion to a fixed weight gain, Aroclor 1254 during 19'1 to 1977 The Silver Lake 
was used during the entire period of PCS produc bottom sediments consist of a black, oi!y, methan
tion, However, every chemical, physical, or bio ogemc muck. During 1980 to 1982 about 80 Silver 
logical PCB transformation process has its own Lake sediment samples were collected by Stewart 
selectivity pattern (e,g,, set of relative transfor- Laboratories for studies of PCB levels, localiza
mation rates) for attacking the various individual tion, and movements (9). We received from Drs, 
congeners present in an Aroclor. Thus, an environ- Anna Yoakum and Jack Hall of that organization 
mentally altered Aroclor will show a new conge- (now IT Laboratories, Knoxville, TN) copies of 
ner distribution (and GC pattern) characteristic of many of ihe original packed-column GC-ECD 
the alteration process; and detailed anal>sis of that tracings, along with GC-MS tracings on three 
alteration pattern may elucidate the chemical na- samples, and one composite sediment sample for 
ture of the transformation. capillary GC analysis. 

MATERIALS AISD METHODS 
Through the generosity of other invest igators, 

Description of sites sampled 
we also received analytical gas chromatograms of 
PCBs from upper and lower Hudson River fish, 

The flow of the upper Hudson River is con- from Dr. Ronald J. Sloan of the New York State 
trolled by dams that divide the r iver into a series Department of Environmental Conservation: from 
of stillwaters called reaches. The former Reach 9 sediments of upper Hudson Reaches 1 to 8 (col • 
received extensive releases of wood wastes from lected b> the N.Y 5 Dept. of Environmental Con ] 
sawmills over the period P70 to I9!G, and of servation in 1977) from David R. Hill of OBG _ J 
PCBs, mainly Aroclor 1242 released in the period Laboratories, Inc., Syracuse, New* \ork, and from 
1952 to 1971, from capacitor manufacturing. Fol- Sheboygan Harbor, Wisconsin, sediments, from 
lowing removal of the old Ft. Edward (New York) Victor A. McFarland, f S. Army Engineers Water-
Dam in 1973, and heavy flow5 m 1974 to 1976, ways Experiment Station, Vicksburg. Mississippi 
there occurred much sediment translation from 
the former Reach 9 to Reach 8 The sedimenti of Analytical procedures 

Reach 8 now consist of sand, silt, and sawdust, All sediment samples received were air dried, 
with widely varying levels of PCBs The localiza sieved to remove gravel, and extracted in a Soxh
tion and movement of these sediment-bound PCBs let overnight with 1:1 hexane.acetone. The extracts 
have been extensively studied [6-8j were evaporated, and the concentrates further ex-

The sediment samples ihat were collected for tracted with concentrated sulfunc acid, mercury, 
capillary gas chromatographic analysis came al and flomil. All concentrates were then examined 
most entirely from the section of Reach S between by packed-column GC (Hewlett Packard 5880 gas 
river miles 188.6 and 193.3, that is, above the chromatograph; 6 ft * 0 25 m glass column packed 
Thompson Island Dam (RM 188 5  1 and well below with I 5s!7! SP2250 and !.9°7o SP2401 on Supel
the main point of PCB release (RM 1% 1) Fifteen coport) to monitor the success of the cleanup and 
grab samples were collected m October, 1982 and determine the appropriate loading for the capillary 
June, 1984, and four 52- to "5-cm cores were column. Capillary gas chromatography was then 
taken from "hot spot" [8) areas in June, 1984. In performed using a fused silica capillary column 
addition, T J. Tofflemire of the New York State (J&W Scientific, 30 m x 0.2J mm i.d.), coated 
Department of Environmental Conservation gave with an 0,25-^ bonded liquid phase of DB-I 
us one frozen core that had been collected m Janu- (polydimethylsiloxanc), and an electron capture 

ary, 1977. This core, No. 18-6, was taken within detector (ECD) as previously described [3). In 
5 m of core No. 18-8, for which i rCs levels have addition, selected samples were run on the sam* 
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column with a flame ionization detector <FID) for 
improved detection and quantitation of the lower 
congeners, and/or with a ZAB VG analytical 
organic mass spectrometer to give GC-MS data for 
the differentiation of nonisomeric congeners. PCB 
peak quantitation was routinely performed from 
the DB-1 (ECD) chromatograms employing re
sponse factors determined on the corresponding 
peaks in Aroclor standards by the procedure of 
Webb and McCall [10], except for the use of a 
Hall (rather than a Coulson) electrolytic conduc
t iv i ty detector (Tracor Instruments), 

PCB nomenclature 
In hopes of improved comprehensibtlity, indi

vidual PCB congeners will be designated b> termi
nology paralleling that commonly used in verbal 
communication; that is, by numbers indicating the 
substi tution patterns on each ring separately, sep
arated by a dash. Thus, 2,2',3,4',5,5',6-hepia-
ch!orobiphen>! (IUPAC [11] No. 187) will be 
called 23J6-245 CB, or simply 2356-245. Groups 
of PCB congeners having the same total chlorine 
numbers and numbers of ortho substituents wil l be 
described collectively by terms showing each of 
these numbers separated by a colon; thus, 7:3 will 
indicate the tri-ortho-sub$tituted heptachloro
biphenyls, including the individual congener 2356
245 CB just cited. 

The older packed column gas chromatograms 
reviewed during the course of the study exhibited 
up to 33 PCB "peaks" (usually envelopes of un
resolved individual congener peaks) at positions 
that are conventionally denoted by relative reten
tion time (RRT) on an isothermally operated SE
30 packed column (relative to DDE = 100), rather 
than chemical composition (10]. We noted, how
ever, that within PCB isomer sets the positions of 
the individual peaks are grouped according 10 the 
number of ortho chlorines (see Table 1). Thus, an 
ortho subset number, like the above 7:3, can be 
specified for an unidentified single congener cap
illary peak, or for a multicongener packed-column 
peak, from its chlorine number and RRT (i.e., 
GC-MS peak position) alone, 

PCB peak identification 
The chromatograms of the Aroclor standards 

and sediment extracts obtained with the DB-1 cap
i l l a r j system exhibited up to 118 peaks resolvable 
by GC-ECD. which were designated in order as 
Peaks 1-118. The prior literature does offer PCB 
congener assignments for most of the GC peaks 

given by commercial PCB mixtures on columns 
coated with pure polydtmeihylsiloxanes (e.g , OV-1, 
SE-30, SF-96), but many of the assignments are 
based upon estimated retention indices [11] Also 
available [12) are assignments for most Aroclor 
1260 peaks on columns coated with SE-54 (95^o 
dimethylsiloxane-5^o diphenylsiloxane copolymer), 
based on measured relative retention times for all 
209 congeners on such columns [13). Because of 
disparities and limitations among the earlier as
signments, we determined the positions of 70 indi
vidual congeners with respect to the Aroclor GC 
patterns on DB-1 using Aroclor standards spiked 
wuh specimens of the commercially available pure 
congeners. This showed that within isomer sets 
(distinguishable by GC-MS) the elution sequences 
on DB-1 very closely paralleled those on SE-54, as 
might be expected from the chemical similarity of 
the two coatings, Accordingly, we were able to 
make assignments for the generally minor DB-1 
peaks not adequately identified by our own spik
ing experiments or the prior literature [11] by use 
of the observed patterns of relative retention on 
SE-54 [13]. This indicated that 180 congeners had 
retention times close enough to one of those of the 
118 resolvable GC peaks to require consideration 
as a possible component thereof, In 22 cases, how
ever, discrimination between nonisomeric coelut
tng congeners could b« made from the mass 
spectra. In several cases consideration of the rel
ative proportions of the individual chlorophen>l 
groups in the particular sample being examined 
indicated that certain of the coeluting isomers 
would t* present at levels too low to merit report
ing as significant peak components. Finally, in one 
case, that of DB-1 Peak 17, the two congeners that 
coeluted on a DB-1 capillary (23-2 and 26-4 CB), 
were found to be adequately resolved on the 
packed column used for the preliminary gas chro
matogram. In this case an assessment of isomer 
distribution could also be made by subjecting the 
mixture to aerobic microbial biodegradation 
(14,15], towards which 26-4 is markedly more 
resistant. 

RESULTS 

Distribution of PCB alteration patterns 
in upper Hudson sediments 

The ISO DB-1 capillary gas chromatographs of 
River Reach 8 sediment specimens generally ap
proached the appearance of one of the four major 
limiting patterns (A, B, B', or C) previously 
reported (3|. Figure 1 illustrates these patterns as 
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Fij. 1 DIM (FID) cipillar) gas, chromatograms of upper Hudson River PCBs showing patterns A, B, B', and C 
Peak identifications giver, m Table I 

run v,ith a flame iomzauon detecior and lo* am
plification in order to portras the mono- and di
chlorobiphenvls in true proporuon to the higher 
congeners. It may be noted that par:ern A is 
qualitatively similar :o thai of Voclor 1242 [11], 
v-htreas B, B , and C show marked elevation of 
three, two, or one aichlorobiphen>l peak?, re
spectively, along with depression1; of most of the 
higher congener peaks. Figure 2 presents the later 
portions of the same patterns as run *uh th< mor« 
usual electron-capture detector and high amplifi
cation, so as to better portray the \veaK peak< pr  > 
duced b> the small quantities of higher congeners 
present. The latter figure also shows a conspicu
ous variant in the higher congener removal pattern 
(pattern £) that was seen in about half the speci
mens showing the lower congeners in patterns B or 
C. 

The 1977 New York State survey of the entire 
upper Hudson River resulted in about 2.000 packed 
column gas chromatograms and data printouts. 
We reviewed these printouts and about 100 of the 

original chromatograms. These analytical OC pat
terns lacked sufficient resolution for discriminat
ing between patterns B and B', or for detecting 
pattern E, However, all specimens with enough 
PCB for reliable classification (>l ppm) did show 
patterns resembling the Reach 8 patterns A, B 'B', 
or C; and subsurface sections showing patterns 
B'B' or C were swn in every reach of th« river 
between Ft. Edward and Troy. Thus, the dechlori
natiori processes described here apptar to have 
been well underway over this entire 69-km section 
of the river by 1977. 

Below Troy, in the tidal Hudson, where th« 
PCB levels are considerably lower, the sediment 
chromatograrru are reported to show significant 
declines in the strong peaks given by mono-ortho-
tetrachlorobiphenyls (e.g., 24JA 13-34,24-34, and 
23-34 CB), which are among those most rapidly 
attacked by systems B-C (see Table 3), but little 
gain in the dichtorobiphenyU, thus giving GC pat
terns superficially resembling mixtures of Aroclors 
1016 and 1254 [4]. This would suggest that any 
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dechlorination process underway m the mid-Hud-
,on had barely started at the time ot samp.ng 

l191"! As regards the verbal rather than the honzor, 
,al di«tr,bu»on of the alteration patterns the 
Reach 8 pattern A characteristically appeared > 
(he more l .ght ly contaminated top ("zone I 
the sed.men8, column 13), wh.ch is kno- o « 
made up of a m.xture of o r ig ina l and redepoM ed 
Tedlnt, 16^1. and presumably repreienTi the 
approximate PCS composUion subjected to tur . 
ther dechlormation by systems B. B , C, and t 
once the sediments became more deep> bun ed 
,nto zone 2. In core sections showing pattern A  m 
'he upper 5 to 10 err, uansmon to patterns S. B , 

.,^ . a o^a> 
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or c generally occuned progressively over the next 
l° ntita. ' .r .cm,, pattern A resembled an 

ate* 1 \ mixture of Aroclor 1242 and 
«:d dechlonnauon products of W* B, B and 

C -v.-.h some (vanable) additional loss m mono-
d,d dichlorobiphenyls attributable to elulion ancI. 
or aerobic biodegradation; some wgmcmation of 
hcpta- and oc»-chtorob.phenyta aunbutable w the 
presence of about i<5. of Aroclor 1260 and a trace 
of Aroclor 1268 (which was unambiguously di
tected m two sediment specimens collected 10

J km downstream); and possible augment^ 
with 0 to 5To Aro<!or 1254. (Pentachlorob.phenyls. 
which constitute about 8.^ by w^h. ot Aroclor 

\,\\'\A -I 
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1242 and 49% ot Arodor 1254, were found at 
level? of 9 0-10 5ro in pattern A core sections and 
10-16«7» m pattern A surface grab wimples. Thus, 
,t »as unchain how much of the relative increase 
m nentachlorobiphenyls could be attributed to 
Aroclo- 1254 m the initial discharge rather than to 
simple eluinat ive or biodegradame loss of lower 
congeners ) _

Although sections exhibiting either patterns b, 
B or C appeared m the subsurface portions of 
everv upper Hudson sediment core examined, 
there was no obvious consistency as to which pat
tern appeared where. Thus, Core 18-6 showed 
pat tern B over the entire 15 to 55-cm range 
accompanied by pattern E in the range 40 to 55 
cm whereas the core TI-2, taken a lew meters 
3A3\ showed B-K E near the top of the corre_ 
spending subsu r face range, B m the middle, and 
B near the bottom The other three Reach 8 cores 
ali .howed alterations between 5 to lOcm sections 
disputing B, B , or C, with or without E, '.n d i l -
terer.i'sequences Presumably, each of the agents 
e f f e c t i n g PCB deformation according to pat
terns B B', C, and £ has a patchv distribution 

the sediments, with minima) overlap be-
patches occupied by B, B', or C, bu t ful l 

ot these w i t h 'he patches occupied bv t 

PCH def.Monnation patterns seen 
m Siher Lake sediments 

Thi Stewart Laboratory survey of the S i lve r 

reported as a mature of Aroclor 1260 with A/oclor 
1254, which w'as rarely observed elsewhere in the 
Putsfield area. We found, however, that (a) the 
Aroclor 1260 dechlonnation process underlay m 
the Silver Lake sediments is one that would give a 
congener mixture easily mistaken for Aroclor 1-54 
m its initial stages, (b) the distribution of residual 
hexachlorobiphenyl peaks in subsurface s^P1** 
(bv GC-MS) was clearly that of Aroclor U«J 
ratha than 1254, and (c) the transformer manu
factur ing plant located next to the lake used 
Aroclor 1260 exclusively during the period when 
most of the deposition occurred. Accordingly, it 
*ould appear thai the PCB subjected to "altera
tion" f> '-he Silver Lake sediments was initially wr
tuai lv all Arocior 1260 

The packed-column GCs of the "altered sed
iments showed at least two major patterns ot 
change, designated patterns F and G, and poss.My 
some iruermed.au ones, The most distinctive fea
Wr8 o, pattern F .*, J) was the high level• OJ 
of all congeners vs OOV» m Aroclor 1260) of the 
normailv rare 25-3 and 24-3 tnchlorobiphenyl con
geners (DH-I peaks 21, 22; RRT 35), along with 
several diortho-tetrachlorobiphenyls (-45'* 01 
total  vi O.jn m Aroclor 1260), but no di- or tn
chlorobiphenyls having shorter retention times in 
Pattern 0, the RRT 35 peak for the unusuaJ *:>-< 
and 24-? inchlorobiphenyls was still fairly prom
,neni but was accompanied by a group of mono-, 
di and other tnchlorobiphenyl peaks (all absent 
from Arodor 1260) having shorter retention times 

LaVe sediments [9j reported "alterations" of the Again -here was no obvious correlation between 
Arodor m 40 cf "2 ind iv idua l peripheral samples pcsmor. in the sed.mems and selection between 
and in all eight of the deepwater samples The dechlonnat ion pat 'erns F and G. 
"unaltered" Arodor m the remaining samples was 

JD S »*r '-•»« 
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.ilvcr Lake PCBs 5ho*,ng mamly M'tern F, »long wuh Aroctor 
F., 3 DB-1 (BCD) caplllary g« chronuiograrns of Sil 
1260 refe'ence P«k ,d«ntifiCitions liven m Tab>< 1 
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loss, despite a significant difference in total de-
Dfchtorinations seen at -other sites chlorination. Thus, we cannot exclude the possi-

Analytical gas chromatogrami showing promi- bility that some part of alteration process G can be 
nent RRT 35 and 47 peaks like those of pat terns attributed to an w,p-dechlorination activity, while 
F and G were also seen in some jtriped bass from the remainder of G, along with F, results from an 
the lower Hudson, and in harbor sediments f rom o,m,p-dechlorination. 
Sheboygan, Wisconsin. Conversely, harbor sedi- The chemical change* effected by the individ
ments from Waukegan, Illinois showed an Apo- ual m,p- and o.m^^echlorination systems will b< 
lane C-87 capillary GO ECD pattern [16], referred described in turn. 
to below as "pattern W," that appeared to be of Towards upper Hudson system B, the most 
the same generic family as upper Hudson pat terns reactive of the major congeners present were those 
B, B , C, a n d  £ of groups 3:!, 4:1, and 5:1 (e.g., the species 34-2, 

23-4, 245-4, 25-34, 24-34, 23-34, 234-4, 245-34. 
Chemical characterization of and 234-34 CB) (Table 3). Many of the 3:2, 4:2, 
dechlorinanon processes 5:2, and 6:2 congeners (e.g., 25-2, 23-2, 23-25, 23

The quant i ta t ive analytical data collected d u r - 24, 234-25. 234-24, 234-23, 245-25, 245-24, 245-23, 

ing the course of th is investigation permitted es t i - 245-245, 234-245, and 2345-25 CB) were also fairly 

mates of (he levels of up to 126 individual PCB reactive. Lower activities were associated with cer

congeners or isomer groups in the vanou< sedi- tain 4:2, 4:3, 5:3, and 6:3 group congeners, nota

ment samples examined. By comparing such levels bly the RRT 47 group (25-25, 24-25, and 24-24 

with those m the Aroclor composition initially dis- CB) and congeners carrying 2,6-, 2,3,5-, or 2,3,6-

charged we could determine the net total changes substituted rings The dechlorination apparently 

effected by the individual transformation systems convened, presumably stepwise, most of the mono-

In cases where progressive development of a de- orth<v substituted congeners (e.g.. the 3:1, 4; 1, and 

chlorination pattern appeared in successively 5:1 species) to 1:1 and 2:1'$ (2-, 2-3, and 2-4 chlo

deeper sediment sections, it was also possible, for rcbiphenyls); most of the dionho congeners 10 2:2 

each stage of the conversion, to determine the rel- and 3:2 species (2-2, 26-, 24-2. 26-3, and 264 CB); 
at ive susceptibilities of the individual congeners to some of the tri-ortho's to 3:3 and 4:3's (26-2 and 

undergo change, and to establish that the al ter- 26-25), and some of the teua-onho's (present at 

ations responsible for pat terns B, B' , C, and E only trace levels) to a trace of 26-26 CB (Other 

represented alternative, ra ther than successive, unusual congeners formed only at trace levels 

t ransformat ion processes included the species 35-2, 35-3, and H-* CB.) 

Table 1 shows the overall effects of PCB de- Thus, the net result was the formation of 2-2, 2

chlorination systems B, B . C  . E, F, and G on the 3, 2-4, 26-2, 26-3, 26-4, 26-25, and perhaps 2-CB 

levels of all 126 observable congeners or isomer as terminal dechlorination products that appeared 

groups as order-of-magmtude changes Table 2 in nearly the same relative proportions in all pat-

gives more precise data on the levels of 9 dechlori- tern B specimens. As proportions of all PCBs 

nation products in representative subsurface sedi- present, the levels of these terminal dechlorination 

ment specimens showing GC patterns A, B, B , or products were all 3 to 8 times higher than m the 

C, with or without pattern E also present The rel- original 1242 (Table 2) Conversely, those of the 
Homeric trichlorobiphenyls listed as subject to ative susceptibilities of about 50 individual con- dechlorination (Tables 1 and 3) were all depressed geners to dechlorinauon by system B are shown m 

Table 3, while the change* in PCB homolog and bv factors of 2 to !0. 
For systems B and C, the differences were ortho-chlorine numbers effected by systems F and quantitative rather than qualitative, except for the 

G are shown in Table 4. 
Simple material balances showed that the envi - unambiguous formation of 2-chlorobiphenyl as a 

ronmental dechlorinatlon proce*** responsible for major product. Above DB-1 peak 39, the chro-

GC patterns B, B', and C [3], and also pattern W matograms were quite similar to that of pattern B, 

[16], proceeded by loss of only Oiose chlorines although system B' may have shown a little more 

located m positions meta or para to the other r ing activity than B or C towards congeners 236-34 and 

(m,/7-dcchlorination), whereas those responsible 2356-34 CB. Below this range, both B' and C 

for GC patterns F and G involved losses of ortho showed significantly more reduction of the 25-25. 
25-24 24-2, and 2-3 CBs than did B. In addition, chlorines as well (Table 4). However, there was no system C was sufficiently active towards 26-4 and difference between F and G in the extent of ortho 

UOdd 
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Table 1 Changes m PCB congener d i s tnbui iom effected by upper Hudson River 
and Silver Lake dechlonnanon systems 

Change in congener level" 

Packed DB-I Congeners Hudson R i v e r Silver Lake 
column peak Total orlh0 i n ~ ——• 

No " Cl So peak1 B B C E F G 

1 00 b i p h e n > l  ± - »- *->• 
1 1 2 ! 
14 3 1 0 3- -t- ± e 
14 4 1 0 4 - . » • * + + ? 
16 5 2:2 2 2 , 2  6 - +  - - - + - - > • • < - - + +-•-

6 2:1 2 1  , 24 - —  = * «• -* 
7 2 1 2-3 + + - - =- ' ' --
8 2 1 2-1,23- f - f ^ ^*- ± ±  ± 

10 3 3" 12 2  0 3-3 ± 
13 2  0 3-4,34- -t -- ±1 

18 14 3'2 25 2 
28 14 2  0 4-4 4 - , - , » ± ± 

28 15 3  2 24.2 = - - 
30 16 3 2 2 6 3 , 2 3  6 -*- -** + »  + +  f 
32 p 1 2 2 3 2 , 2 6 - 4 ; ±  ± -rt ' + 

19 3 35-2 — -*  + - 
19 4 4 26-2ft * 4 
20 3 243

35 22 3. 24- 1 *••<-• * s x i * +• -+ + + -f 
3" 23 3 25^1 - - •>••«• + + 
3* 24 3. 24-1 

24 4 3 24^-2 - - ** 
40 25 3 34-2 .23 .3 ,2^ . - 
40 25 4 _1 25~26 *+ is + - - +  + ' 
40 26 3 234 -- +  * 
40 26 4  3 24-26 -- - - ** i 

27 4  3 236-2 ' - - -
28 3  0 35-3 i i * + 
29 4 3 21-26 - - i-r i 
30 3 0 35-4 T i 

4* 31 4  2 25-25 ,35-26 . +  f *  f + + + + + 
47 32 4  2 24-25 = * ±  - - + + + + + + -
4- 33 4  2 24-24 + - r = r + + +  • 

34 4  2 245 2, 246-4 - - + +
54 37 4  2 23-25 - - - + *  * i 
54 38 3  0 14.4 
54 3S 4  2 2,3-24. 236- 3* * ^  * - ^* ts± -*- t 

*)& 14 T ^  A J Hi ^ — — — .*, *. -t- 458 39 4 2 

40 4 1 24-35 
4! 5 4 236-26 * > + 
42 4  2 23-23 -- -- * 
41 ; 3 246-25 = t + 
43 4 1 235-3 - * * - ^ 
44 5 3 24«-24 ± i r 
44 4 24?-3 ± •* 
45 •J 235-4,23-35 ± ± ^  ̂  - , - , - 

T 46 4 24T3 
46 < 235-26 £ t t + 

+''O 4" 4 2 5 - 3 4 . 3 4 5 2 - —
T) 48 4 2 4 3  4  _ _ _ _ _ _ + 
•"0 48 5 3 236-25 245-26 t- *= ±± ±± ± ±  * - - 

continued 
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Table I cont inued 

Change in congener leveld 

Packed DE-I Congeners Hudson River Silver Lake 
co lumn peak Total. o r thc) in — • — • 
IRRTT No r Cl No peak' B B ' C E F G 

244 95 6:1 2345-34 - - 
95 1 3 2346-234 
% 8-4 2356-2356 t t -^ 
W «  4 2346-2356, 23456-246 - ± ± t 
100 7  2 2345-235, 73456-35 T i ± - -

280 102 1 i 2345-245 -' -" -•" -- -' to 

103 7 •! 2356-345 
104 7 i 2346-345 
105 8:4 23456-236 

332 106 
n-: 2345-234 - - -"' -" --

»2 10" - 2 23456-34 ; t 
- t l < € H 1 4  i ...  ̂ .t ~ ~i -T 1 AO 8 1 3 ' 2 ] vV .3 .34?-J336 * t ± t 

3"' 1 1 f 8  ] ] Q :3 2345-2346, 2'4f 6-24' » t ± " 
I I I i 1 2345-345 

44* 1 1 2 8.3 23456-234 - - ± 
113 9 4 23456-2356 _ = s 

528 1 1 5 8 2 2345-2343 - t * 
! P 9:3 23456-2345 ± - - - -

'Retent ion t ime 'relate DDE ;00| of corresponding. ,e»-re$',v./ior PCB peak envelope seen on isothe'ma] SE-3C' 
packed columns  l !  I ] 

"Nyribered according to sequence of 1 18 Aroc'or PCB peats seen bv D B - I CC-ECD, f u r ; h e r r e so lu t ion of 
same peak *as made bv CC-Mi !^0 seis of t o t a l . ort t .o ch;or:"e numbe'S are gi^er, 

' F O i abbrevsa i ions used, s«< ievi Where isomers are beiie'.ed ?™W -f> qui!* different propo-nons, the major tsoriier 
i > u n d e r l i n e d . 

J Ab<o l . j ! e change m COfiger.er l e v e l , as weight all PCBs p r e i s n t , indicated bv number of ~ ' s or -'5, th'Ji, 
I -10°T<>; + •*-, 0 1-!**», + , <0 lre fof increase*; , , etc, for decreases Where 

obser .e i l l e v e l w i t h i  n fac tor of 1 ' of or iginal , a b s o l u t e l e v e 1 p-«em » imi l» rU md.cated bv n u m b e r of ;'s For 
H':d«on R i v e r svs tems , changes are indicated r e l a t i v e n pa'ie-n A i j ' i g h t l v modilled \roclor 1242); for s i lver Lake 
< v s i e r m , r e l a t i v e to Aroclor 1260 
Stable increase i r . m o n o c h l o r o b i p h e n y l ( s ) seen, but r acked t.-'liimn GC< did not pe'mu re l iab le d i f f e r e n t i a t i o n 
Sharpy decreases observed ir, some p a t t e r n C sed i rnen t i , rr.d, . n d i c a t e need to subd iv ide group i n t o C and C 

' i n Success ive ly deeper core section*, peak appeared ;o f i r s t ,nc-ea$e, ;h*n decrease. 
"Aerobic biodegradd-jon ind ica ted th i s peak ia It n e n r l  v h a l t 13-2 ir, Arcoclor 1242 but largely 26-4 m Hudson R've-

s u b s u r f a c e sediments . C h a n g e for 26-4 a l o n e , » < * n B ar.d p'esiimably 8'. ,n C 
G'oup 4 3 considerat!', Ur j ie r i h ^ r . n p a t t e r n F". '"'it p a c k e d colu""1 GCs d^d not f iermi! r twluuon of m d ^ ' d u a ' 
congener peaks 
T". s 4 2 pan weaker than in pat tern F but not resolved bv p jcked column GC 

k T K , i S congener b e l i e v e d to be mino r component of pe.tk IS ,r A'.vlor 1242, bu( more p r o m i n e n t in dechlormated 

'*Vcak peak seen on lead ing edge of peak 54. 
' " A m o u n t of decrease ma'ginal bv c r i t e r i on used. 
' Abso lu ' e increase margi r .a l bv c r i t e r i o n used, b u t i n c r e a s e r ; l a ; , v ; to ne\ghboring 8.'\ appeared u n e q u i v o c a l 

2-4 to prevent the accumulations of thes« con- The presence of system E along *ith B or C 

geners that were seen in B and B' . As a r e su l t , made l i t t l e d i f ference to the levels of the mono-, 

higher proportions of the PCBs were dechlorinaied Ji-, and tr ichlorobiphenyis (Tables 1,2) , The ef

all the *ay down to the 1 . 1 , 2:2, 3:3, or 4;4 stages fects on the tetrachlorobiphenyls were modest: 

(Table 2> In the 21 subsurface samples shewing enhanced clearance of 236-2, 236-3, 235-3, and 

high total PCB levels and transformation patterns 235-4 C8, alt of which may be formed in small 

B' or C, the levels of 2-ch!orobipheny! (wh ich amounts dur ing the operation of B, B'. or C, and 

constituted 0.72^ of the original Aroclor 1242) of any residua! 4 '1 species. Instead, system E was 

ranged between 1% and 52*Jo, ind ica t ing a 39- to d i s t ingu i shed by markedly increased clearance of 

72 fold increase. most higher congeners, In the example shown m 

11 3 S t • r -J H d d H l , H d 3 



Environmental deehlormanon of PCBs 589 

Table 2 Content of major dechlormation products (as weight percent of total PCS)
in Hudson Rwer sediment sections showing patterns A, B. B , C, and £ 

Peak distr ibution pattern-1 

Peak Congeners 
in peak 1242 A B B * E B C C *  £ 

: 2 0  7 5 r H  6 15.6 39 3 3 2 6 33,8 
5 2-2, 26- 2.6 a 1 IS 7 190 22.4 360 3*0 
^ J-5 1 3 2 S 8 <> 5,7 0  3 06' 1 8 

' *i H. 8 2-4, 23- 6.2 92 r * 12. « 3 4 4 1 
,0 2T2 0.9 2 3 2  9 4 1 3 ! 4  9 5 2 
5 24-2 4.4 6 2 4  0 6 1 1 9 1 0 : i 
6 26-3 0  8 2  2 3 S 4.3 3 5 3  4 3 f 

» ^ 

2.8 1 4 ! I 7 26-4, 23-2 50 4  ? 4 1
i 271 1 2 2 4 3  0 J  O 1 0 0  9 0 " 

The specific specimens showing the indicated d i s t r i b u t i o n  s were for "1242." Aroctor 1242 standard; A, 19"1 core 
18-6 ( r ive r mi!e 188.6, E side), 2 5-5-crn section, B. core ii-S, ?2.5-H-cm section; B + E, core 18-6, 40 42 <-cm 
section, 8 , 1984 core Tl 2 (near 18-6 s.iet, '7 5-60-cm section, C, 1984 core R2 ( r i v e r mi l e 190.0, \\ ^ i d e ) , 
25-27.'-cm section; C + E, 1984 core 13 2 ( r i v e  r m i l e 19? j , \V side). 7 5-10-on section 
Observed levels of this congener in upper Hudson surface grab sample; exh ib i t i ng pa t t e rn A *ere u s u a l l y ^- l?*^ 
b u t occasionally extended ov»r the range I-25|J"5. ' t * measi.''i*iient was also more sensitive to a n a l y t i c a l e r ror ihsn 
ihosc of other congeners 
Mo$r sediment actions s h o e i n g p a t t e r  n C cor'ained 2 3 t imes as much of this congener 

Table 3 N u m b e r s of half- losses sho»n bv v a r i o u  s PCS congeners m an upper Hudson deposit 
showing a well-developed pattern 8' 

ubst on 
S u b s t i t u t i o n pa t t e*n on presumably more reactive r ing 

:ss reac'ive 
ng 34 23 234 245 2345 23456 2 3  6 2 5  , 2  4 4 .  3 

4 < -2"- < , •> i - 1  1  5 > 1 i 5J 

2 i -2 >l 0.7 > l " 0" 0" 
4. 25 5 3 5 2 1 5 2 1 05" 0 1  s 

114 
IK 

4 
3.5 

2
2

 < 1 < 
1 <° 

1 ^ 
1 < 

0 " 
0 " 

^05' 
<0.5J 

1145 >!' >!• 07 0 " 
26 1 1 

236 1 0 3 d <05' <0 5" -0,5-

Number of half-lo$j« equal to -log, (fraction of original congener level still remaining). Sediment specimen from 
r iver mile 188 6 E side, 1977 Core 18-6. 32.3-35-cm section; iarne as shown in Figures 1 and 2. Local s t ra t ig raphv 
characterized by "'Cs [8]; estimated age 15 ± ^ >r 
Net clearance may be reduced by s imultaneous r e g e n e r a t i o n via dechlormation of higher congeners. 
Estimate of clearance complicated by interfering peaks 

'Both rings may be comparably reactive, part of indicated clearance mav be at t r ibutable to other r ing , 

Figure 2c and Table I , there *as -90(7o removal The compositional change presented by pattern 
of :4<-245, 2345-24i, and 2345-234 CB, and sub- F was sharply different from any of the above. A 
stantial attack on all other congeners carrying a typical sediment section (Table 3, Fig. 3) showed 
chlorine in the 4-position of either ring. Concorru- 90 to 98^> removaJ of all hexa-, hepta-, and 
tantly, several new and characteristic dcchlorma- octachlorobiphenyU originally present with almost 
Lion products appeared: 2336-25 and 2356-235 CB no discrimination between isomers, and slower 
most prominently, along with lesser amounts of removal of the jxntachJorobiphenyli, particularly 
236-35, 236-236, 236-235, 235-23J, 2356-24, and those of type 236-XY. There were also 80fi> and 
possibly 2356-23J6, 90wo net removals of tri-ortho and teua-ortho-

I 3SNHLjHddHN Hd3 
q T 
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Table 4. Distributions' of PCB isomer groups m 
Silver Lake sediment specimens exhib i t ing peak 

distribution patterns predominantly F or G 

Mole percent' in specimen11 

of type: 
[iomer 
group 1260 Ft-t-G) G(-*-Fl 

Monochloroblpheny) 
Dichlorobipher.yl 
Trichlorobiphenyl 

0 
0 
0 

0 1 
0 ! 

32d 

17C 

P 
26' 

Tetrachlorobiprenvl 0  6 50 31 
Peril achlorobiphenyi 16 12 6 
Hexacnbrobiphenyl 53 5 3 4 
HepUthlorobipheny! 
OciacM.orobipnenvi 

15< 
0  5 
0 1 

0 6 
0 1 

or tho-Cl per b iphenv l 
m,p-Q\ per biphenvl 

;.< 
2  6 

i r 
2,1 

1.8 
1 2 

Total Cl per b i p h e n v  l 6.1 3 9 3,0 

•Approx ima te d i s t r i bunon in each case estimated from 
relate size* of parent ion peaxs ir. picked column 
GC/MS 

'Specimen F ( > G ) , S i lver Lake 1982 core C l  . 48-64-cm 
i«c:ion specimen G(+F) 198: core C2 , 80-96-;m -ec-
"on, for location map, see Ref 9 

•Esnmaied from a s;ng!e GC-MS of another specimen 
s h o w i n g mono- and dichiorobiphemls at equal levels . 

"Made up of 4Tj congeners of iype 3.2 from admired 
pauern G, JS^c of type 3 ' 1  , mam!y 15 3 and 24-3 

'Made jp of 9^» type 3 I  , s t i l l m a i n l  y 25-3 and 1* 1. 
!?wo t>pe 3 2; 3^ iype 3'3 

'Abou t iwo- th i rds of ortho chlorine loss from t r i  - and 
ietra orlno congeners; ihese types depleted Wo and 
8Crii r e jpen ive fv ; r e m a i n i n g t h i r  d from di-ortho con 
lenerj, mair . lv responsible for 3 l , 2 I  , and ! • ! f o r 
ma t ion 

substituted congeners, respectively. The product 
were ma in ly of types 3 - 1 and 4:2, made up pre
dominantly of PCB congeners containing ail the 
possible combinations among 3-, 2,3-, 2,4- and 
2,J-:h!oroph«nyl groups. The product mixture also 
conta ined 1*0 u n u s u a l senes of congeners- f i r s t , 
the 3-chlorophenyl derivat ives, such as the major 
p roduc t s 25-3 and 24-3 CR already noted and the 
rr,,r\or products 35-3, 235-3, 245-3, and probably 
also 23-3, 236-3, and 2356-3, and second, the 
2,4,6-chlorophen,,ls: PCB congeners 246-2, 246-25, 
246-24, 216-246, 245-246, 246-345, 2356-246, and 
possibly 234-246, most of which are barely detect
able  (n the commercial Arodors; all gave small but 
dis t inc t peaks. Conversely, there were only minor 
amounts of the 26-X and 26-XY CB species that 
are prominent among the B, B', or C dechlorina
tion products of Aroclor 1242. Evidently, system 
F has the abil i ty to attack all penta-, t e t r a - , and 
mchlorinated rings except for those substituted 

2,4,6 or possibly 2,3,6; but no mono- or dichlori
nated rings except those substituted 3,4. Thus, 
the terminal dechlonnation products contained 
rings substi tuted 3, 2,3, 2,4, 2,5, 3,5, 2,4,6, and 
2,3,6, but with few substituted 2,6 or 4, and none 
s u b s t i t u t e d 2. 

The system G specimen for which packed-
column GC-ECD and GC-MS data wax available 
(Table 3) showed the same extensive, indiscrim
m a n r removal of hexa-, hepta-, and octachloro
b ipheny l s as system F, considerably more removal 
of pentathkrobiphenyls , notably the 236-25 and 
other 236-XY congeners that were somewhat per
sistent in F, less accumulation of 4:2 congeners, 
partMilarK those of the 23-2X type; and less accu
mulation of the 3:1 group. Instead, there was 
greater fo rmat ion of 4:3 species (not resolved in 
the packed column GCs, but presumably 25-26, 
24-26. and 236-2, as in the F(-t-G) composite 
sho^n as Fig. 3), along with those of types 3:2, 
3 .3 , : !, 2 .2, and 1 .1 . Still prominent were 3-
chiotC'pheni l der iva t ives ' 2-3, 26-3, and possibly 
23-3 CB on addi t ion to the remaining 25-3 and 24
3j; however , 2-chlorophenyls (as in 2-2, 2-3, 24-2, 
arid probably 2-CB) were equally apparent. Thus, 
"system G" may represent a combination of an 
o./n.p-dechlonnaung system like F with some kind 
of an m.p-dechlonnation system; however, the lat
ter d i f fers somewhat from those of the upper Hud
son in i t s Congener se lec t iv i ty pat tern 

DISCUSSION 

Structure— rfQCti\tty relationships 
for PCB dechlofination 

Table J summarizes the foregoing observa
tions as to the r e l a t i v e reactivities of the various 
PCB-formmg chlcrophenyl groups toward dechlo
rmanon systems B, B', C, E, and F. These chlo
rophenyl groups are listed in order of decreasing 
electron af f in i ty as indicated by a reduction inter
rup t potential (E2d) measured at an amalgamated 
p la t inum electrode [fMSl 

Table 5 shows tha t for system F there is a sim
ple correlation between reduction potential and 
reac t iv i ty wher; the Ejd is less negative than 
about -1,94 V dechlorination occurs; otherwise it 
does not. Conversely, for system B, B', and C 
there is no such simple relationship: even the group 
w i t h the most negative potential (3-chlorophenyl; 
E,d + -2.108) is dechlormated by two of these 
thr« systems (B' and C), but several chlorophenyl 
groups with considerably greater electron affinities 
are not attacked by any of them. It would appear 
that the chlorine atom,1; that are inaccessible to sys

± I • i j I 8 8 I 0 Hd3 UOdd 
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Table 5. Comparison between reduction potentials 
reported (22) for single-ring chlorinated biphenyls 

and estimated relative reactivities of PCB nng$ 
towards dechlorinaiion 

Hit, rel. reactivity" 
to system. 

Chlonnaiion 1 
pattern f V)' F E B,B ,C 

23456 566 •» 4- 4- 4. 4- ^ 
2345 679 + - 4  > 4 - 4 - 4  - ^* 

345 696 - + r + - + 4- * 

235 783 4- 4 i 
+ 42346 .784 4-** 

2356 78?  4 + » 

f 424< ,837 ,. 4.4--
23-1 .852 -4- 4-4-4- T * 

34 87) 4-+ T  * --4

35 S97 ± * 

*236 937 - ± 
2< 942 r i 
2' S56 - > * 4- - 4

246 ,%6 - c C 
24 ,982 *i 

4 -2056 r± 
2 -2 Ov7 _ 

36 2 !07 
3 2 108 ±  ± 

'Reduction imerrup! polemics, aj measured m dimethyl 
suifoude solution at an Hg-Pt electrode, versus a iaiu 
rated calomel electrode [PJ 

TKty, f  . --•-, 4 ( • • + - , increasing reacnvjtv; -, no ob 
se rve  d r e a c i i v i t y  , ± r eac t iv i ty uncertain or observed 
unly m ipe^ies favorably subititujed on opposite nr.g 

s[ e-eu o' a p p r o p r i a t  e congeners !oo lo>A to permit re-

terns B, B , and C are those in positions ortho to 
the other ring (e g., 2 or 6), or meta to a chlorine 
tnai is itself meta to the other ring (as in the 3,5-, 
2,3 v, or 2,3,5,6-CPs). The latter restriction may 
be relaxed slightly in system E, where at least the 
235 3 and 235-4 CBs are attacked. The most reac
tive chlorophenyls towards systems B, B', and C 
would appear to be 2,3- and 3,4-C'P (Table 3). 
Their reactivities are moderately reduced by fur
ther chlonnation on either the reacting ring (shown 
by the horizontal progressions on Table 3) or on 
the opposite nng (shown b> the corresponding ver
tical progressions) These inhibitions are also less 
marked m system E, resulting in enhanced removal 
of penta-, hexa-, and heptachlorobiphenyls con-
taming 2,3,4-, 2,3,6-, 2,4,5-. 2,3,4,5-, 2,3,4,6-, and 
2,3,4,5,6-substituted rings. Nevertheless, the per
sistence of tri- and tetra-onho-chlorinated con
geners (containing mainly 2.3,5', 2,3,6-, and 
2,3,5,6-substituted nngs) in the pattern E product 

mixtures shows that E is still an m,p- rather than 
an c,/n,/?-dechlorinating system, 

The patterns of steric effecrs exhibited by the 
w.p-dechlorinating systems B, B', C, artd E would 
appear to define the spatial configuration of the 
dechlorinating agents involved as presenting a 
roughly conical cavity with a reducing (or hydro
genating) site located near the apex (Fig. 4). For 
para (4-) chlorine removaJ, a PCB molecule would 
be able to fit into such a cavity lengthwise, with 
only minimal steric hindrance by other pendant 
chlorine atoms, mainly those in ortho positions. 
For meta (3-j chlorine removaJ, however, the PCB 
molecule would have to come into the cavity at an 
angle, which would result in severe steric hindrance 
if there were other chlorines present at positions 5 
or 6 (i.e., on the opposite side of the reacting ring), 
and particularly if there were also more than one 
chlorine on the opposite ring. For ortho (2-) chlo
rine removal, the PCB molecule would have to be 
rotated through a larger angle than permitted by 
the cav i ty s tructure; hence, no o-dechlonnanon 
occurs 

Microbiological implications 

As pointed out earlier (3], there are no known 
environmental chemical agents having the negative 
reduction potentials or other chemical activities 
needed to reduaively dechJonnate simple aromatic 
chlorine compounds, such as the PCBs, and no 
simple chemical agents of any type that show the 
steric selectivities just described for the environ
mental w.p-dechlormation agents. Accordingly, 
these agent*-and possibly the cJ.fft^-dechlonnat-
mg ones as well-must be enzymes, presumably 
associated with anaerobic environmental bacteria 
analogous to those known to effect position-sen-
sitive dechlorinatioris of chlorobenzoates 119] and 
chlorophenols [20]. It has recently been observed 
that several synthetic PCB congeners not present 
in Aroclor 1242 (e.g., 2,3,4,3,6-pentachJorobi-
phenyl) can be partially dechlorinated by a 32
week anaerobic incubation with unsterilized, but 
not with sterilized, upper Hudson sediments, indi
cating mjcrobiaJ mediation (J.F. Quenien III, S.A. 
Boyd, and J.M. Tiedje, private communication, 
1986), 

Since the PCB nucleus is not destroyed by the 
dechlonnation process, it would appear that these 
anaerobes are using the PCB molecules simply fl4 
electron acceptors rather than as carbon sources. 
In order to assess the thermodynamic feasibility of 
such a process, we performed standard thermo
chemical calculations of the free-energy change 

OdJ 

3 ' d 
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F'g 4 Schematic ot /n,^-d«thJonnating agent a:nve s i te , shovvma poiinon taken bv PCB molecule d u r i n  g (a) p 
cMonre or (bi /n-chtorme removal Dotted ar;s show, interference radii of oiher chlorine subshtuents n pr t«n< 

with the oxidation of glucose b\ various 
t r , i  > t ak ing monochlorobenzene and hexa-
•'.•benzene ((or which handbook data were 

- f e  > =L' models (hat should span the range oc* 
:d n. The results (Table 6) showed 

H,>t chlorinated arorna'ics *ou'd 
'e' frce-energv gradient than 

"•- fi i-Med bv the other environment! 
, j  i inr / i .Bailable to anaerobes, namelv ro; 

;.-•' a.« Thus, anv anaerobe haung enz>me 
j.i*'i the PCB-dechlonnase ac t iv i ty needed 
ire this potential energy should be at a 
tr e advantage Presumbabli , the appear

ance oi .haructemtic se!^ of PCB dechlonnanon 
•" :ii"*; n I <:a:i7ed pa t tern* in the sediment^ o* 

'h , pr?" Hud 'on R i v - r , Silver Lake, V V a u k e g a n 
.HJ '- . ,  j i J T.- 'L^ovgan Harbor result1; Oom the 
|r^ j •>• ar< . - • anaerboic bacterial populous 

- ."t  , u i< i r .na< ;e aLi isa te? 

•r JK ,mpltfQtitin$ 

<,*, v 'he onj, > n o w  n route for the en 
iropiTiei/a! destruction ol the more Nearly chlo 

-mote i PCBs had been pho to lvs i s by solar 
-*f<r . I ' rauniet l i g h t \2l] This process effects the 
..: hl ' ir ,nat 'or of higher to lower PCB congeners, 
i „*• are rr.ore »'nv,ly photol^zed Modeling stud 

4•• • -t sho^i that solar photolysis may reduce 
i » •  ] • »K of the i.gher PCBs tn large lakes or the 
>\-v" ' "-.th ' laK-nmes of a year or two (21) Hov>-
c . c f , .he major accumula t ions of PCBs that he 
h i i f . ed in *a AI<C s^dirr.enti are obviously inaccess
ible •; iun . i j jh ' Thus, their deelilonnation b> 
other j^-' \ ;r-i$cm in these en> ' r mental re?er-
••II r> -fii ' j •. ^hat would otherwise be a major 
rk>.kdi,e to P'.B degradation in nature 

Table 6 Siandard free-energy change foi , he 
oxidanon ot glucose to C0} and H.O 

using various r 

Redu;ed 
mo/) 

o H.O -6"6 tO 
(~X » 
CH n 

C,H. 
C.H, 

-410 |ft 
-369 ;•) 

SO, 
( r ) ^ BCH. 

-pi '8 
- 15 ^3 

Dethionndtion whether by sunlight o, s < - " 
r ia , Joe* not usually accomplish the ccmp.'efe 
d ? s ' r u c t i o n of a PCB molecule Instead i t con
verts 'he more heavily chlorinated PCB species to 
lower congeners that are readily btodcjrdddt'ie to\ 
aerobic bacteria [2.14,15) Thus, a two-step pr  i 

cess, consisting of dechlonnation 
oxidative biodegradation. mav be 
complete PCB desfuction 

The partialK dechlonnated PCB mixtures re 
maming after dethlonnation by aquatic sedimen;-' 
are already sharpK depleted in those congener 
that are of concern as regards to either n^ r^< ' f r i . e 
P448 t \ tochrome induction, or IO;-K , 'n ' ,'' 
animals. Available information in 
mo'-e persistent congeners in man » 
4,4 -substitution along with addii.o. 
tution on at least one ring, as in chlo T-ls 
245-4, 245-24, 245-34, 245-245, 245-234, ^345-34, 
2345-245, 2345-234, etc. (12). Thyr otoxicity m 
rats along v*uh P448 cytochrome induction, is 
shown by PCB congeners having 4,4'-substitution 
accompanied by at least two chlorines in - 

d dh • y ̂  3 u 
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positions and no more than one ortho chlorine, 
which should bt adjacent to a meta chlorine (22). 

11 The PCB congeners that are actually detectable in 
the commercial Aroclors and also meet this crite
rion include 34-34, 2345-4, 234-34, and 2345-34 
CB From Tables I and 4 it is apparent tha t both 
the persistent and the potentially toxic congener 
groups are among those most readily removed bv 
dechlortnation systems B, B', C, E, F, and G 
Extensive removal of congeners 14-34, 245-34, and 
234-34 from Aroclor 1248 by the sediments of 
Waukegan Harbor ("system W") is also indicated 
b> the available data (16). Thus, anaerobic dechlo-
r . n a t i o n , wh i l e not immediatel> reducing the to ta l 
Tid'-s of chlorinated biphenyl in an environment! 
3r[v,i ^ a i - - f i e c t i t s detoxification 
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